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Description 

The present invention is directed to a device 
and a method for separating plasma from blood 
and determining one or more analytes. More spe- 
cifically, the present invention Is directed to plasma 
separation from blood and analytical testing of the 
plasma to measure analytes such as cholesterol, 
HDL cholesterol, triglycerides, etc. 

In many applications such as therapeutics, 
plasma/serum standards, and particularly for blood 
analyte determination, there Is often a need to 
separate cells from v^/hole blood. For rapid deter- 
mination of analytes in serum or plasma, col- 
orimetric methods are quite popular wherein the 
analyte or a product obtained by conversion of this 
analyte, reacts with a chromogen to give color, the 
intensity of which is proportional to the concentra- 
tion of the analyte. When using whole blood for 
determination of an analyte, it is essential to re- 
move the red cells from the blood so that the color 
of the reaction is not masked by the color of the 
blood. Centrifugation of the blood or the clotting of 
blood are two common prior art methods used to 
isolate plasma or serum from whole blood. How- 
ever, these result In an additional sample prepara- 
tion step. It would appear that since red blood cells 
are rather large (about 8 micrometers in diameter), 
one could conceivably use a microfilter of a smaller 
pore size to obtain clear plasma. However, this 
does not usually work for the following reasons: 

(a) When one puts a drop of blood on a dry 
hydrophilic membrane with pore sizes in the 3 
to 8 micrometers range, the blood gets ab- 
sorbed into the pores and onto the microfibrils 
of the filter. Often due to this rapid absorption, 
hemolysis of blood occurs wherein the fragile 
red blood cells rupture and the broken cells 
and/or hemoglobin from the cells leak through. 
As a result, generally, the plasma coming 
through is not clear but reddish and the through- 
put may also be small because the filter may 
clog up rapidly due to the high solids content of 
the blood (typically 50 % of blood volume is 
cells). To compound the problem, blood may 
start clotting in the membrane further promoting 
the clogging. Due to this clogging, very often 
large analytes such as lipoproteins may be held 
back and whatever passes through the mem- 
brane may be significantly diluted with respect 
to these large analytes. The concentration of 
these analytes in the filtrate may therefore be 
significantly lower than in plasma or serum and 
may vary with both applied sample volume as 
well as with blood hematocrit (solid content), 
hence yielding unreliable results. 

(b) When one places a drop of blood onto a 
hydrophilic microporous membrane with pore 



sizes of less than 3 micrometers, the clogging 
on top of the membrane appears to be espe- 
cially rapid and usually neglibible plasma gets 
through. Again the same problems as mentioned 
5 above with clogging are encountered. 

(c) Using a depth filter in addition to or in place 
of the microfilter may likewise be problematic. 
Due to higher hold up and absorptive capacity 
of the depth filter, volume requirements of blood 
10 become rather excessive and the problems of 
hemolysis and clogging still exist. An exception 
to this is the depth filter made up of glass fibers 
which was shown to separate plasma/serum 
from blood rather effectively. This method is 
15 described in US-A- 4 , 477 , 575 . However, many of 
the problems of other "dry” membrane systems 
remain, although to a lesser degree. 

In order to overcome the problems of dry 
membrane test systems, numerous wet or semi- 
20 wet microporous membrane test systems have 

been proposed. Thus, when wetted with water or 
with aqueous solutions, the microfibers of these 
hydrophilic membranes are hydrated by a thin lay- 
er of water. This significantly reduces the absorp- 
25 tive capacity of the membrane. It Is possible to get 
fairly clean plasma across this wetted microporous 
membrane of pore sizes of about 5 micrometers or 
less in this fashion. However, wet and semi-wet 
systems have three major drawbacks. First, wet 
30 and semi-wet systems may involve wetting the 

membrane prior to use and this adds an additional 
step for a diagnostic test. Second, when dealing 
with small volumes of a few microliters, as are 
encountered In diagnostic tests, this would dilute 
35 the plasma and the extent of dilution would depend 
upon the volume of sample. Finally, in a wet mem- 
brane, the rate of transport of plasma through the 
membrane will be governed by diffusion rather than 
capillary pull and may take an excessively long 
40 time thereby affecting the overall response time of 
a diagnostic test. 

This approach of using a wet microporous 
membrane for separation of plasma from whole 
blood is indeed being used very successfully in a 
45 process called plasmapheresis. In this process, the 
microporous membrane is first wetted with isotonic 
saline in a step which is called priming the mem- 
brane. Blood is then pumped through one side of 
the membrane and a transmembrane pressure dif- 
50 ferential is maintained. Because of the externally 
applied pressure difference, the process is fairly 
rapid. Additionally, a relatively large amount of 
blood is processed (on the order of a liter) and 
hence dilution due to Isotonic saline in the mem- 
55 brane is negligible. Therefore, even though plas- 
maphoresis is an effective way of obtaining plasma 
from blood on a process scale, it is not very 
practical for a simple and rapid diagnostic test 



2 




3 



EP 0 408 223 B1 



4 



requiring on-line serum/plasma separation for 
microliter quantities, without external pressures and 
preferably without dilution. 

Glucose reagent strips were among the first to 
utilize whole blood for blood glucose measure- 
ments. These colorimetric tests for whole blood 
based on dry-strip technology became quite popu- 
lar due to the possibility to obtain rapid analysis of 
glucose from whole blood without sample pre-treat- 
ment. These early tests relied on diffusion of glu- io 
cose from whole blood through thin, transparent 
and tightly structured membranes (U.S.-A- 
3,092,465; 3,298,789; 4,543,338). A drop of blood 
Is placed on the test-pad and after a pre-deter- 
mined period of time the blood is either washed off rs 
or wiped off and the color developed underneath Is 
then compared to a color chart or read in a reflec- 
tance meter. These tests do not require a precise 
metering of the blood but do require a blood wash- 
off or a wipe-off step and precise timing for the 20 
same. While this approach Is satisfactory for a 
relatively small hydrophilic molecule such as glu- 
cose which can diffuse rather easily through a thin 
tightly structured membrane, it is not feasible to 
measure large analytes such as proteins or hy- 25 
drophobic analytes such as cholesterol or 
triglycerides which are complexed with proteins 
and are carried in the blood stream as part of 
lipoproteins ranging in size from a few hundred 
thousand to several million in molecular weights. 30 
These relatively large molecules cannot penetrate 
the dense membranes used in the glucose strips 
and attempts to separate plasma or serum from 
whole blood with more open membranes and with- 
out pressure or external influences were not sue- 35 
cessful due to reasons mentioned above. 

The discovery that certain depth filters made 
up of glass fibers could successfully separate red 
cells from whole blood (U.S.-A-4,4'77,575) paved 
the way for successful commercialization of an 40 
instrument called "Reflotron” by Boehringer Mann- 
heim Diagnostics (Trademark) where the separation 
of clear serum or plasma occurs within the dry strip 
itself without need of an external force such as 
pressure or centrifugation. This made analysis of 45 
various analytes possible from whole blood in a 
simple inexpensive manner. However, although 
blood analysis with Reflotron Is convenient, a me- 
tered amount of blood must be placed onto the 
reagent pads and there is a need to crush the pad so 
to bring all the reagents into intimate contact with 
the separated serum/plasma. Additionally, it can 
perform only one reaction at a time and typically 
the chemistries take about three minutes each. 

Thus, while many new developments have oc- ss 
curred and have been patented, the need for a 
convenient, efficient, easy-to-use, reliable test 
method and device for testing one or more an- 



alytes from whole blood plasma has not been satis- 
fied until the development of the present invention. 

The present invention involves a method and 
device for obtaining plasma from whole blood and 
5 determining one or more analytes contained there- 
in. A sample of blood is first applied to a physical 
transport medium which moves at least a portion of 
the blood from a remote location thereon to a 
second location thereon to a first surface of a 
microporous plasma separation membrane. This 
tangential movement Is achieved by gravity, ab- 
sorption and/or capillary action. The physical trans- 
port medium may be a sheet of fabric with weave 
or otherwise or a channeled or grooved synthetic 
material. Once the blood has moved to the first 
surface of the microporous plasma separation 
membrane, the plasma is absorbed and passes 
through the membrane, thereby separated from the 
whole blood (and the red color). The plasma 
reaches the second (opposite) surface of the 
microporous plasma separation membrane and 
contacts a plasma collecting test membrane. This 
test membrane Is capable of reacting with the 
plasma (i.e. one of its components) to display at 
least one analyte characteristic thereof. Preferably, 
colorimetric reaction takes place and color intensity 
indicates concentration level of the analyte in the 
blood. 

According to the present invention there Is 
provided a device for obtaining plasma from whole 
blood and determining blood analytes thereof, 
which comprises: 

(a) a microporous plasma separation membrane 
having a first surface and a second surface; 

(b) a physical transport medium contacted In 
part with said first surface of said microporous 
plasma separation membrane which medium is 
capable of moving at least a portion of blood to 
be tested from a remote location on said phys- 
ical transport medium to said first surface of 
said microporous plasma separation membrane; 
and 

(c) a plasma collecting test membrane in contact 
with the second surface of said microporous 
plasma separation membrane for receiving said 
separated plasma, said test membrane being 
capable of reacting with said plasma to display 
at least one analyte characteristic thereof; 
characterised In that said microporous plasma 
separation membrane is a skinned membrane, 
In which one or both surfaces of the skinned 
membrane have smaller and uniform pore-sizes, 
as compared to the middle region of the skinned 
membrane. 

According to the present invention there is 
furthermore provided a method of obtaining plasma 
from whole blood and determining blood analytes 
thereof, as claimed in claim 17. 
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The present invention described herein is more 
fully appreciated and understood when the disclo- 
sure is taken in conjunction with the appended 
drawings, 
wherein: 

Figure 1 illustrates a photographic representa- 
tion of a 5 micrometer nitrocellulose plasma 
separation membrane used in the method and 
device of the present Invention; 

Figure 2 shows a photographic representation of 
a 3 micrometer cellulose plasma separation 
membrane used in the present invention: 

Figure 3 shows a side cut view of a device 
according to the present invention which In- 
cludes a support substrate, a lateral physical 
transport medium, a microporous plasma sepa- 
ration membrane and a plasma collecting test 
membrane; 

Figure 4 shows a top diagramatic view of the 
device shown in Rgure 3; 

Figure 5 shows an alternative embodiment of a 
device according to the present invention utiliz- 
ing a channeled substrate as the physical trans- 
port medium; 

Figure 6 shows another alternative embodiment 
of a device according to the present Invention 
wherein the physical transport medium is a 
combined channeled substrate and capillary ac- 
tion transport membrane; 

Figure 7 illustrates the top view of an alternative 
device according to the present invention; 

Figure 8 illustrates a side view of a device 
according to the present invention having mul- 
tiple plasma collecting test membranes for de- 
termining three different analytes; and, 

Figure 9 illustrates a device according to the 
present invention which includes radially ar- 
ranged plasma collecting test membranes which 
permit analyte determination for four different 
analytes. 

The present invention is directed to obtaining 
clear plasma from microliter quantities of whole 
blood rapidly, efficiently, without causing dilution of 
blood analytes and without relying on externally 
applied forces or without any sample pretreatment. 
It is also directed to the process of separation of 
plasma in a device for determination of blood an- 
alytes. The present Invention plasma separation 
method can be utilized for colorimetric detection of 
blood analytes. The devices of this invention en- 
able the plasma to come into intimate contact with 
all the necessary enzymes, proteins or other 
reagents and chromogens without external pres- 
sure or without denaturing blood or sensitive 
reagents. The test strip device of this invention also 
enables one to do multiple chemistries on the 
same strip with a single sample application in a 
very quick, simple and reliable manner. 



Primarily, the present invention relies upon ap- 
plication of blood at a first (remote) location on a 
physical transport medium and movement of the 
blood to a second location on the medium for 
5 separation of plasma and subsequent testing. Typi- 
cally, the present invention utilizes tangential flow 
of blood underneath a suitable microporous plasma 
separation membrane so that the red cells are 
retained on the underside but clean plasma is 
70 obtained on the top surface of the membrane. 
Capillary pressure, both within the membrane ma- 
trix and by suitable channels and/or a suitable open 
mesh underneath the microporous membrane, may 
provide the appropriate driving force for the tan- 
75 gential flow and no external forces are necessary. 
For filtration of highly viscous liquids or for slurries 
or suspensions with high solids content, tangential 
flow across the membrane is much more efficient 
than the dead-ended filtration. The problems of 
20 clogging of the membrane are substantially re- 
duced in tangential filtration mode. In this system, 
a viscous fluid or suspension is swept across one 
side of the membrane, and clean filtrate is col- 
lected across the other side. 

25 This invention uses this principle, for a di- 
agnostic strip, on a miniature scale. For small vol- 
umes of blood which can be obtained by finger- 
pricking, the driving force for blood flow may be 
provided entirely by the capillary pull. To do this 
30 efficiently, it relies heavily on both the pore-struc- 
ture of the separation membrane and the physical 
transport medium and support structure underneath 
it. Additionally, the choice of the microporous sepa- 
ration membrane becomes even more important 
35 than for other conventional applications. An ideal 
separation membrane should wet easily with serum 
or plasma, should not allow the red cells to migrate 
to the top surface, should not cause hemolysis of 
the red cells, should have a good capillary pull and 
40 a fairly uniform pore-structure near the surfaces. 
Out of several dozen commercial microporous 
membranes which were screened, three were 
found to be particularly preferable, a 5 micrometer 
microporous membrane made from nitrocellulose 
45 of Schleicher and Schuell (Keene, New Hamp- 
shire) performed optimally in separating plasma 
from whole blood. In general, suitable pore-sizes of 
such membranes should be between about 0.02 to 
10 micrometers, with the preferred range between 
60 1 to 5 micrometers. Skinned membranes, wherein 

one or both surfaces of the microporous mem- 
branes have much smaller and uniform pore-sizes, 
as compared to the pore-sizes in the middle re- 
gion, are found to be particularly suitable. Unlike 
55 most commercial microporous membranes which 
are generally isotropic in their cross-section, these 
membranes show double-skinned structures which 
may be the reason for their effectiveness. Figures 
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1 and 2 show the cross-section of the 5 micrometer 
nitrocellulose and the 3 micrometer cellulosic 
membrane respectively. 

Other Important components of this invention 
are the physical transport medium and the sub- 
strate onto which this microporous separation 
membrane is placed. Typically, this membrane is 
placed on a plastic substrate and between this 
substrate and the membrane is placed a physical 
transport medium which may be a material with 
open structure and hydrophilic surface to achieve 
tangential flow of the blood. 

Examples of materials with such open structures 
are various types of polymeric meshes, cloth, tis- 
sue papers, gauze etc. Ideally the hold up volume 
and the absorptive capacity of these open-struc- 
tured materials should be very small so as to 
minimize the loss of blood due to absorption and 
the surface on a macroscopic scale should be fairly 
smooth so as to provide good contact with the 
microporous separation membrane. Woven fabrics 
from many monofilament yarns such as polyester 
and nylon are particularly useful. Even though the 
pore sizes of the transport media are not critical, it 
would be preferable to have them at least an order 
of magnitude larger than that of the analyte of 
interest, so that these materials do not have any 
sieving properties and so that their sole function is 
to assist in smooth and rapid flow of blood. As a 
further aid for rapid movement of blood underneath 
the microporous separation membrane, channels of 
well-defined geometry or grooves may be included 
on the plastic substrate, underneath the open-struc- 
tured material. Channels 1 to 10 mm wide and 25 
to 375 micrometers [1 to 15 mil] deep work quite 
well, 1 to 4 mm width and 50 to 250 micrometers 
[2 to 10 mil] depth being the preferred range. 

In practice, an open structured material such 
as a monofilament woven fabric is placed onto the 
plastic substrate with or without the channels, and 
the microporous separation membrane is placed on 
the top such that part of the fabric extends beyond 
the membrane. A plasma collecting test membrane 
such as a piece of filter paper or another hydophilic 
membrane is placed on top of the microporous 
separation membrane. This will absorb the clean 
plasma as it comes through the microporous sepa- 
ration membrane and may be loaded with reagents 
specific for a given analyte. This whole assembly 
may then be secured by placing another plastic 
cover on the top. Blood applied to the physical 
transport medium through an orifice in the plastic 
cover at a location remote from the separation 
membrane, migrates along to a location next to 
(under) the microporous plasma separation mem- 
brane, thereby creating a thin film of blood along 
one surface of the microporous plasma separation 
membrane. Clean plasma available from the top 



surface of this membrane saturates the test mem- 
brane and if it is loaded with reagents, the analyte 
reacts with these reagents producing color or other 
analyte indicator. 

6 Referring now to Figures 3 and 4, there is 

shown a side cut view and a top view of a test strip 
device 1 . The device 1 has an inert substrate 3 and 
a physical transport medium 5 attached thereto. In 
this embodiment, physical transport medium 5 is a 
70 woven cloth material. Atop physical transport me- 
dium 5 is microporous plasma separation mem- 
brane 7 and optional hydrophobic barrier strip 9, 
adjacent thereto as shown in both figures. Of less 
length and placed atop of microporous membrane 
75 7 is plasma collecting test membrane 11. Clear 

plastic cover 13 with orifice 15 is adhered over the 
tops of the other components as shown by the 
arrows 2 and 4 in Figure 3. Top view Figure 4 
shows all of the components, at least in part, due 
20 to the fact that cover 13 is clear. 

As now can be seen, the user simply places a 
drop of blood In orifice 15 ( a remote location from 
microporous plasma separation membrane 7 ). The 
blood flows down physical transport medium 5 and 
25 under microporous plasma separation membrane 7 
to a first (bottom) surface thereof. Plasma sepa- 
rates and flows upwardly through membrane 7 and 
is, at this point, essentially clear In color. It mi- 
grates to a second (opposite, i.e. top) surface of 
30 membrane 7 to plasma collecting test membrane 
1 1 . Here the analyte(s) react to establish 
concentration (s). For example, in this case , test 
membrane 11 contains reagents specific for the 
analyte or analytes of Interest, e.g. chromogens 
35 which reveal colorimetric measurement of choles- 
terol, glucose or the like. Further, the dimensions 
shown in Figure 4 are merely exemplory and are 
not critical. 

In general, the essential components of the 
40 device are the physical transport medium, the 

microporous plasma separation membrane, and the 
plasma collecting test strip. Although not preferred, 
a microporous plasma separation membrane may 
be extended and graded to act both as a transport 
45 medium and a separation membrane. However, 

more leeway as to blood volume, dimensions and 
"overflow" control are achieved when the physical 
transport medium is one or more components 
which are elements separate and different from the 
60 microporous plasma separation membrane. Like- 
wise, the transport medium may act as a substrate 
or a separate, inert and inactive substrate may be 
utilized. 

The combination of a separate physical trans- 
55 port medium and a separation membrane is cho- 
sen such that when blood is placed at the remote 
blood application area. It is rapidly pulled under- 
neath the microporous membrane and clean plas- 
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ma seeps across this membrane and saturates the 
reactant containing test membrane. Further, the 
test membrane may be a single layer or may be a 
compilation e.g., a reagent containing layer as well 
as a chromogen containing layer which is prefer- 5 
ably a porous hydrophilic layer. The enzymes or 
reagents in these layer(s) dissolve in the plasma 
and react with the analyte producing color. This 
type of system is particularly appropriate for deter- 
mining analytes such as glucose, cholesterol, w 
triglycerides, uric acid, creatinine, alcohol, creatine 
kinase, cholinesterase, AST, ALT, etc. wherein an 
enzyme or a series of enzymes convert an analyte 
to hydrogen peroxide which then reacts with 
chromogen, contained in the test membrane. Many is 
of the enzymes used in such diagnostic strips are 
particularly susceptible to denaturation when con- 
tacted by many chromogens for an extended pe- 
riod of time. By separating the enzymes and the 
chromogens in two separate layers and yet keep- 20 
ing them in close proximity, the long term stability 
of the reagents can be preserved. For analyzing 
analytes such as albumin or other proteins, 
amylases, calcium, inorganic phosphorus, etc. 
wherein the reagents used are not biomolecules 25 
such as enzymes or antibodies but are stable 
chemicals and the color formed is due to selective 
complexation of the analyte with the reagents, the 
porous layer can be eliminated and all the reagents 
can be combined in a single layer membrane. It Is 30 
also possible to load some of the reagents else- 
where in the system such as in additional layers, 
although this is not essential, provided that they 
don't hemolyze the cells or damage them In any 
way. It is best to view the final color at the top of 35 
the test membrane since it also acts as a hiding 
layer to mask the color of the blood. In such a 
case, an additional layer, if necessary for 
chromogens, could be transparent or translucent. In 
order to avoid the bleedthrough of the color devel- 40 
oped during the test downstream from the device 
onto the test membrane, an optional hydrophobic 
material or glue can be applied on the exposed 
edge of the separation membrane just downstream 
of the physical transport medium (not shown in the 45 
Figures). Such a hydrophobic surface barrier pre- 
vents the color from diffusing down the separation 
membrane, but is not always necessary. 

In the alternative, when a test membrane hav- 
ing a first reactant (reagent) and second reacting so 
component (chromogen) is used, a single test 
membrane instead of a plural layer may be used. 

Thus, in some embodiments, the reagents and 
chromogens may be contained In dry or semi-wet 
form or even wet form in the same membrane 55 
structure, or one or the other may be encapsulated 
or otherwise isolated within the same membrane. 



Further, the device may be used without any 
additional sample preparation for detection of cer- 
tain analytes which normally requires a precipita- 
tion step for removal of interfering analytes. The 
precipitants, for example, can be incorporated with- 
in the microporous plasma separation membrane 
or in the physical transport medium, so that the 
precipitation step occurs on-line and the plasma 
reaching the test membrane is free of the inter- 
ferent. If, due to the nature of the precipitant, it Is 
advisable not to have direct contact of the precipi- 
tant with the blood, then an additional layer con- 
taining the precipitant can be placed between the 
separation membrane and the physical transport 
medium. An application that makes use of the 
precipitation step is the measurement of high den- 
sity lipoprotein cholesterol (HDL cholesterol) which 
typically needs precipitation steps using precipit- 
ants such as polyethylene glycols, dextran sulfate, 
or magnesium tungstate to precipitate out choles- 
terol in low density and very low density 
lipoproteins (LDL and VLDL), followed by centrifu- 
gation. The present invention device achieves this 
on-line by loading the precipitant into the micro- 
porous plasma separation membrane. 

These devices are self-monitoring because a 
microporous membrane cannot be over-filled or 
over-saturated by capillary filling. Once the plasma 
collection membrane Is saturated, the excess blood 
and plasma simply migrate down the transport me- 
dium. If, for some reason, the sample volume is so 
large as to exhaust the absorptive capacity of the 
transport medium, then the excess blood will mere- 
ly stay at the application area without getting ab- 
sorbed. In case the sample volume Is not enough, 
then only part of the test membrane will be satu- 
rated and colored. The precise control over the 
thicknesses (and hence the void volume) of the test 
membrane is not critical because even if the satu- 
ration capacity of this membrane varies with the 
thickness, the concentration of the analyte and 
hence the intensity of the final color produced will 
be independent of the thickness of this membrane. 
The minimum volume needed to saturate the plas- 
ma collecting test membrane with plasma will de- 
pend on the thickness of this membrane, the ge- 
ometry of the system and the hematocrit of the 
blood: for the system shown in Figures 3 and 4 , it 
is approximately 10-15 microliters. When using 
plasma or serum in place of whole blood, the 
volume requirements are half as much. To further 
minimize the required minimum volume the size of 
the test membrane and/or the thickness may be 
decreased as long as the test membrane is suffi- 
ciently opaque to mask the color of the blood 
underneath it. If the test membrane is not of suffi- 
cient opacity, then one could use a geometry simi- 
lar to that shown in Figure 7 where the color 



6 




11 



EP 0 408 223 B1 



12 



developed is not directly over the blood path. 

Figure 5 shows a device 21, which is similar to 
the one shown in Figures 3 and 4 and like parts are 
like numbered. Note that physical transport me- 
dium 19 is now channels or grooves established in s 
substrate 17 itself. Arrows 6 and 8 show assem- 
blage. 

Figure 6 likewise shows a device 23 with like 
parts being identically numbered, and here, both 
the cloth physical transport medium 5 of the Figure io 
3 device and the grooved physical transport me- 
dium 19 of the Figure 5 device are combined. 
Additionally, absorbant storage medium 25 rests in 
part on transport medium 5 and on substrate 17. 

This optional storage medium may be used to i5 
absorb additional (excess) blood to draw the ex- 
cess past the separation membrane 7. Any blood 
absorbing material may be used, although this is 
not an essential feature of the invention. 

Figure 7 shows a device 33 which has sub- 20 
strate 35, physical transport medium 37 (e.g. a 
sheet material such as a gauze or synthetic having 
the necessary capillary action), located on sub- 
strate 35, plasma separation membrane 39 over 
physical transport medium 37, and plasma collect- 25 
ing test membrane 41 which is partly over the 
separation membrane 39 and partly located directly 
on substrate 35, as shown. This arrangement per- 
mits the use of a very thin separation membrane 
which may show through some of the red color. By 30 
offsetting part of the test membrane, the isolated 
portions will show true colorimetric readings without 
a pinkish background. Top cover 43 with orifice 45 
is clear plastic and the user uses this strip in the 
same manner as described above. 35 

Advantageously, the method and device ac- 
cording to the present invention may be used for a 
plurality of simultaneous testings. Thus, it is possi- 
ble to combine various chemistries on the same 
device. This is particularly advantageous for exam- 40 
pie in testing on-site in doctor’s office, where a 
patient needs to be checked for several analytes to 
diagnose a condition. In the strips of this invention 
several related tests can be combined on the same 
strip and determination of multiple analytes can be 45 
made within a few minutes from application of a 
single blood sample which can be obtained by 
finger-prick. Thus, Figure 8 shows one geometry 
combining a lipid pane! (cholesterol, HDL choles- 
terol and triglycerides) onto a single strip. There is so 
shown in Figure 8 device 41 having substrate 43. 

The physical transport medium in this embodiment 
includes channels 45 located on substrate 43 as 
well as sheet 47 located above channels 45. Three 
microporous plasma separation membranes 49, 51 55 

and 53 are spaced apart and located on sheet 47 
as shown. Membrane 51 additionally contains a 
precipitant for LDLs and VLDLs (low and very low 



density cholesterols). Atop each of the separation 
membranes 49, 51 and 53 are multilayer plasma 
collecting test membranes 55, 57 and 59 respec- 
tively, The plasma collecting test membranes 55, 
57 and 59 contain the necessary reactants for three 
different analytes, in this case cholesterol, HDL 
cholesterol and triglycerides respectively. Optional 
absorbant storage medium 61 is also included. The 
top cover in this embodiment includes a first clear 
plastic layer 63 with orifice 65 and an opaque layer 
67 containing orifice 69 for blood sample transmis- 
sion and orifices 71, 73 and 75 for visual compari- 
son for colorimetric measurements of the respec- 
tive analyte reactions at test membranes 55, 57 
and 59. 

Figure 9 shows a different geometry for obtain- 
ing plural analyte characteristics and, in this case, 
contains four different analyte tests. Thus, device 
91 includes substrate 93 and, in a large radially 
expanding cross, physical transport medium 95 
which is placed on top of substrate 93 and extends 
radially from the center to approximately the outer 
edge of substrate 93 and under all other compo- 
nents hereafter described. Atop physical transport 
medium 95 are four separate microporous plasma 
separation membranes 97, 99, 101 and 103. Atop a 
portion of each of these are plasma collecting test 
membranes 105, 107, 109 and 111, respectively, 
and these in turn contain reactants for colorimetric 
determination for four different analytes such as 
glucose, cholesterol, HDL cholesterol and 
triglycerides. Optional absorbant storage media 
113, 115, 117 and 119 are placed on top of the 
outer ends of physical transport medium 95. Clear 
plastic cover 121 is placed on top of all the other 
components and has a single orifice 123 for blood 
sample application in the center as shown. This 
device 91 permits nearly simultaneous testing of 
four different analytes by application of a single 
blood drop. 

The following examples further support the ef- 
fectiveness of the present invention: 

Example 1 

A device such as that shown in Figures 3 and 
4 was prepared except that tissue paper is used as 
the the physical transport medium to facilitate the 
flow of blood underneath a 5 micrometer pore-size 
nitrocellulose separation membrane (Type AE 98, 
Schleicher and Schuell), a microphotograph of 
which is shown as Figure 1. The plasma collecting 
test membrane in this case was a 0.45 micrometer 
nylon 6,6 membrane. It is advantageous to use for 
the test membrane a microporous membrane of a 
pore size smaller than the plasma separation mem- 
brane for plasma collection; it will then also act as 
a secondary membrane in case the primary mem- 
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brane has some defects. A drop of blood (20-40 
microliters in volume) is placed at the blood ap- 
plication area and within about 1 to 2 minutes the 
plasma collection membrane gets saturated with 
clear plasma. 

Example 2 

A Figure 5 type of device was constructed 
wherein the bottom support plastic has a 3 mm 
wide and 125 micrometers [5 mil] deep channel 
built in. No open structured material is used as a 
blood transport material. To prevent the blood from 
going over the plasma separation membrane, a 
hydrophobic tape is put on the top surface of this 
membrane. The plasma separation membrane is 
the very same as in Example 1. When a drop of 
blood is placed on the blood application area, clear 
plasma saturates the plasma collecting test mem- 
brane in about 1 minute. 

Example 3 

A Figure 6 device with a geometry utilizing 
both the channels and an open mesh was made. 
The channel geometry Is the same as in Example 
2 but a woven fabric from monofilament polyester 
is used to facilitate the transport of blood. The 
plasma separation membrane is of the same type 
as in above examples. When a drop of blood Is 
placed on the blood application area, clear plasma 
saturates the plasma collection membrane in about 
10 seconds. 

Example 4 

The same geometry as shown In Example 3 Is 
used except that the plasma separation membrane 
is 8 micrometer nitrocellulose (Type AE99, Schlei- 
cher and Shuell). The plasma collecting test mem- 
brane is saturated In about 10 seconds. 

Example 5 

The same geometry as in Example 4 is used 
except that cellulosic membrane (Micron Separa- 
tions, Inc.) is used for the separation membrane. A 
microphotograph of this cellulosic membrane is 
shown in Figure 2. The plasma collecting mem- 
brane is saturated within 30 seconds. 

Example 6 

In the geometry of Example 3, an additional 
filter paper is introduced to serve as an absorption 
pad to soak up excess blood as shown in Figure 7. 
The rest of the components are the same as in 
Example 3. Blood samples from about 15 to 100 



microliters are placed in the blood application area 
and the plasma collection membrane Is saturated 
in about 10 seconds. 

5 Examples 7-15 

Examples 7 through 15 are illustrative of the 
geometry, assembly and functioning of the devices. 
In these illustrative examples, a 5 micrometer ni- 
70 trocellulose membrane (Schleicher and Schuell) 
was used as the plasma separation membrane 
(#1). 0.45 micrometer pore-size nylon 6.6 mem- 
brane (Micron Separation Inc., Westoro, MA) as the 
plasma collecting test membrane and a woven 
15 polyester mesh as the physical transport medium 
to facilitate the transport of blood, lens tissue-paper 
or a dialysis membrane of 1.66 . lO”^^ kg (10,000 
dalton) cut-off (Spectrum Medical Indus- 
tries,lnc.,L.A.,CA) was used to load the chromagen, 
20 white PVC or polystyrene plastic (1.30-0.71 mm 
sieve opening [15-25 gauge]) was used as the 
substrate and a clear PVC or vinyl plastic (2.38- 
1.68 mm sieve opening [8-12 gauge]) was used as 
the top cover. Glues such as polybutene or silastic 
25 or PVC based, or medical grade double-stick tape, 
ail of which are relatively inert toward the chem- 
istries, where used in these devices to provide 
either a hydrophobic barrier or a good seal. The 
chromogen used In conjunction with the various 
30 chemistries Involving enzymes as the reagents Is 
3,3', 5,5' tetramethylbenzidine dihydrochloride 

(TMBD) which in the presence of horseradish per- 
oxidase gives bluish green color when It reacts with 
hydrogen peroxide generated from the reactions of 
35 the analyte. TMBD can be substituted by a number 
of other chromogens such as phenol or its deriva- 
tives and 4 amino antipyrine, or a number of leuco 
dyes, e.g. from arylmethine family (e.g. leuco mal- 
achite green) or by solubilized reactive dyes In 
40 their leuco form. The porous lower layer of the test 
membrane was soaked into the solution of the 
chromogen and allowed to dry. Typically this solu- 
tion consisted of 0.3g TMBD, 0.5g of sodium 
cholate, and 0.5-2g of polyethylene glycol (PEG) 
45 (molecular weight 1.328 . 10”^^ kg (8000 daltons)) 
dissolved in 20 ml of reagent alcohol and 0.1 M pH 
3 phosphate buffer (3:1 by vol). The top layer of 
the test membrane was tissue paper soaked in the 
chromogen solution and upon drying stays tacky 
50 due to a combination of sodium cholate and PEG. 
This tackiness enables it to have an Intimate con- 
tact with the reagent lower layer. To load the 
reagents, reagent solutions In appropriate buffers 
are made at the desired concentrations and the 
55 membrane is either soaked Into this solution or the 
solutions pipetted onto the membrane till it is satu- 
rated. The membrane Is then allowed to dry at 
room temperature. Typically the reagent membrane 
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needs 10 microliter of reagent solution per square 
cm area for saturation. The solutions used for the 
various tests illustrated in the examples below are 
as follows: (a) cholesterol: 400 units of pancreatic 
cholesterol esterase, 40 units of cholesterol oxidase 
from Nocardia, and 200 units of horseradish perox- 
idase per milliliter of 0.1 M pH 7 phosphate buffer. 

(b) Triglycerides: 2000 units of lipase from 
chromobacterium viscosum, 300 units of glycerol 
kinase from arthrobacterlum sp., 300 units of glyc- 
erol phosphate oxidase (Microbial), and 500 units 
of horseradish peroxidase per milliliter of 0.1 M 
phosphate buffer at pH 8. Additionally adenosine 
triphosphate (ATP) solution is prepared at a con- 
centration of .625g/ml and Is combined with the 
above solution in the ratio of 4 parts of enzyme 
solution to 1 parts of ATP solution, (c) glucose: 80 
units of glucose oxidase from aspergillus niger and 
300 units of horseradish peroxidase per milliliter of 
0.1 M phosphate buffer at pH 7. 

Example 7 

Test strips for measurement of total cholesterol 
were made as per Figure 6 where the reagent 
membrane contained the enzymes for cholesterol 
as described above. Blood or serum samples rang- 
ing In volume from 10 to 40 microliter were placed 
at the blood application area. Typically it took 
about 10 to 15 seconds to saturate the test mem- 
brane and in about 30 seconds the color was fully 
developed which was then read In a reflectance 
meter or compared to a color chart. 

Example 8 35 

Test strips of cholesterol were made as per the 
geometry of Figure 6 and with the reagent com- 
position as described above. Samples of whole 
blood ranging in volume from 15 to 50 microllters 40 
were applied at the blood application area. The 
color development typically was complete in about 
30 to 45 seconds. 

Example 9 45 

HDL cholesterol strips were made as per ge- 
ometry of Figure 6. The only difference between 
the cholesterol strips of Example 7 and the HDL 
strips Is that the plasma separation membrane 1 in so 
this case was first soaked in an aqueous 20% by 
weight solution of PEG 2000 ( a precipitating agent 
for LDL and VLDL cholesterol) and allowed to dry 
prior to use. 10 to 40 microliter samples (whole 
blood, serum or plasma) were applied at the sam- 55 

pie application area and color development was 
complete In about 1 minute. 



Example 10 

Triglyceride strips were made as per the ge- 
ometry of Figure 6 and the test membrane was 
loaded with the enzymes as described above, 10 to 
40 microliter samples (whole blood, serum or plas- 
ma) were applied at the sample application area 
and color development was complete in about 1 
minute. 

Example 1 1 

Glucose test strips were made as per the ge- 
ometry of Figure 6 wherein the test membrane was 
loaded with the enzymes as described above. 10 to 
40 microliter samples (whole blood, serum or plas- 
ma) were applied at the sample application area 
and color development was complete in about 30 
seconds. 

Example 12 

Test strips for the lipid measurement were pre- 
pared as shown in Figure 8. The three test mem- 
branes for individual geometries were as described 
above and the separation membrane for HDL cho- 
lesterol was treated with PEG as in Example 9. 40 
to 100 microliter samples (whole blood, serum or 
plasma) were applied at the sample application 
area and color development was complete in about 
3 minutes. 

Example 13 

Devices for simultaneous measurement of cho- 
lesterol (total and HDL), glucose and triglycerides 
was prepared as per the geometry of Figure 9. 50 
to 100 microliter samples (whole blood, serum or 
plasma) were applied at the sample application 
area and color development was complete in about 
2 minutes. 

Example 14 

Devices for the measurement of total choles- 
terol and HDL cholesterol were made. 20 to 80 
microllter samples were applied at the sample ap- 
plication area and the color development was com- 
plete in about 1 minute. 

Examples 15-21 

In the following Examples 15 - 21, the enzymes 
and chromogens were loaded in a single layer 
plasma collecting test membrane. The chromogen 
was 3,3', 5,5' tetramethyl benzidine which was dis- 
solved at a concentration of .03 g/ml In acetone or 
at about .02 g/ml in a 3% solution of phenol in 
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toluene. The enzymes for cholesterol were loaded 
from their aqueous solutions as described above 
and the test membranes were allowed to dry. After 
drying, the test membranes were loaded with 
chromogen solution ( either toluene or acetone 
based ) and again allowed to dry. The geometry 
used In testing was as shown in Figure 7, except 
that the separate chromogen layer was eliminated 
and additionally an aperture was provided on the 
top plastic cover over the plasma collecting mem- 
brane to allow for oxygen, since the reactions 
seemed more sensitive to oxygen requirements 
than when the chromogen was loaded separately in 
another matrix. For aesthetic purposes and to pro- 
tect the reagent area from outside contamination, 
an air-permeable membrane, such as a thin (-^20 
micrometer thick), transparent polyurethane mem- 
brane coated on one side with porous adhesive 
(e.g. from Acutek. Inglewood, California) can be 
placed over the aperture. Such films were found to 
allow adequate transport of oxygen to the reaction 
zone. 

Example 15 



A nylon -6,6 membrane of 0.45 micrometer 
pore-size was loaded with cholesterol enzymes and 
chromogen from acetone solution. When blood or 
serum samples in volumes ranging from 15 to 50 
microliters were applied at the blood application 
zone, in a Figure 7 type device, color developed in 
about 30 seconds and colors were accurately pro- 
portional to the cholesterol content. 

Example 16 

The same test was done as in Example 16 with 
a cellulosic test membrane of 0.2 micrometer pore- 
size. The chromogen, however, was loaded from its 
solution In toluene. Again similar results were ob- 
tained. 

Example 17 

The test of Example 15 was repeated. This 
time, however, after loading and drying with choles- 
terol enzymes, the test membranes were saturated 
with acetone, and after partial evaporation of ac- 
etone, a mixture containing 90:10 parts by volume 
of toluene and dodecane was added. After a few 
minutes of drying the test membrane, chromogen 
in toluene solution was applied. When the test 
membrane dries, the non-volatile dodecane compo- 
nent is left behind. These membranes are, there- 
fore, not quite dry but contain the hydrophobic, 
non-polar dodecane and can be considered pseu- 
do-liquid membranes. Non-polar liquids such as 
dodecane create a hydrophobic environment ar- 



ound the enzymes and give them added stability 
against denaturation and expecially under humid 
environment. When tested, the performance was 
similar to above. 

5 

Example 18 

The test of Example 15 was repeated but this 
time with a test membrane from HYPAN® mul- 
70 tiblock polymer (Kingston Technology , Dayton, 
N.J.) and described in U.S.-A-4,331,783; 4,337,327; 
4,369,294; 4,379,874; 4,420,589 and 4.370.451. 
This test membrane was made over a polyester 
cloth backing and contained approximately 5-10 
75 mole % of acrylamide groups and the remainder 
were acrylonitrite groups. The structure of the test 
membrane was asymmetric with the pores on the 
more open side of being larger than 1 micrometer. 
When this membrane was tested as in Example 15, 
20 similar results were obtained. 

Example 19 

The same test as that in Example 17 was 
25 repeated with HYPAN membrane of Example 18. 
HYPAN membrane in this pseudo-liquid state 
showed similar behavior. 

Example 20 

30 

The test of Example 15 was repeated with a 
microporous HYPAN membrane which was sym- 
metric in structure. The membrane was impreg- 
nated on a polyester cloth support. The HYPAN 
35 membrane in this case had greater than 75 mole % 
of acrylonitrite groups, the remainder being 
glutarimide-derived groups. The pores on this 
membrane were In the range of .02-1 micrometer. 
The test results were similar to those in Example 
40 15. 

Example 21 

The membrane of Example 20 was tried in a 
45 pseudo-liquid form as described in Example 17. 
Again similar successful results were obtained. 

Claims 

60 1. A device for obtaining plasma from whole 

blood and determining blood analytes thereof, 
which comprises: 

(a) a microporous plasma separation mem- 
brane (7) having a first surface and a sec- 

55 ond surface: 

(b) a physical transport medium (5) con- 
tacted in part with said first surface of said 
microporous plasma separation membrane 
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(7) which medium (5) is capable of moving 
at least a portion of blood to be tested from 
a remote location on said physical transport 
medium (5) to said first surface of said 
microporous plasma separation membrane 5 
(7); and 

(c) a plasma collecting test membrane (11) 
in contact with the second surface of said 
microporous plasma separation membrane 
(7) for receiving said separated plasma, said io 
test membrane (11) being capable of reac- 
ting with said plasma to display at least one . 
analyte characteristic thereof; 
characterised in that said microporous plas- 
ma separation membrane (7) is a skinned is 
membrane, In which one or both surfaces of 
the skinned membrane (7) have smaller and 
uniform pore-sizes, as compared to the 
middle region of the skinned membrane (7). 

20 

2. The device of claim 1 wherein said skinned 
microporous plasma separation membrane (7) 
is cellulosic or is of nitrocellulose. 

3. The device of claim 1 or claim 2 wherein said 25 
skinned microporous plasma separation mem- 
brane (7) has a nominal pore size of about 
0.02 to about 10 micrometers. 

4. The device of claim 3 wherein said skinned 30 
microporous plasma separation membrane (7) 

has a nominal pore size of about 1 to 5 mi- 
crometers. 

5. The device of any of claims 1 to 4 wherein 35 
said physical transport medium (5) relies, at 
least in part, on capillary forces to move the 
blood. 

6. The device of any of claims 1 to 5 wherein 40 
said physical transport medium (5) is a trans- 
port membrane sheet. 

7. The device of claim 6 wherein said transport 
membrane sheet (5) is a sheet of fabric se- 45 
lected from woven fabric, non-woven fabric, 
gauze and monofilament yarn. 

8. The device of any of claims 1 to 5 wherein 

said physical transport medium (5) constitutes 50 
grooves or channels (19) formed on an inert 
substrate (1 7) to promote movement of blood, 

9. The device of any of claims 1 to 5 wherein 

said physical transport medium (5) is an open- 55 
structured mesh with openings of at least 1 
micrometer in size and having hydrophilic sur- 
faces. 



10 . The device of any of claims 1 to 9 further 
comprising: 

(d) an absorbent storage medium (25) con- 
nected to said physical transport medium 
(5) wherein said physical transport medium 
(5) Is capable of moving excess blood to 
said absorbent storage medium (25). 

11. The device of any of claims 1 to 10 wherein 
said plasma collecting test membrane (11) in- 
cludes one or more reactants which react with 
said plasma to effect colorimetric reactions of 
one or more analytes. 

12. The device of any of claims 1 to 11 further 
including at least one inert substrate (3) to 
which at least one of said microporous plasma 
separation membrane (7), said plasma collect- 
ing test membrane (11) and said physical 
transport medium (5) is connected. 

13. The device of any of claims 1 to 12 wherein a 
portion of said physical transport medium (5) 
with which the microporous plasma separation 
membrane (7) is not in contact, is exposed for 
applying a sample of blood thereto. 

14. The device of any of claims 10 to 13 which 
further comprises: 

(e) a top sheet (13) containing at least one 
aperture (15) through which a blood sample 
may be applied onto the physical transport 
medium (5), and at least a portion of this 
top sheet (13) overlying said plasma collect- 
ing test membranes (11), said portion hav- 
ing transparent areas to view one or more 
colorimetric reactions. 

15. The device of claim 14 wherein portions of 
said transparent areas on the top sheet (13), 
have holes or apertures to ensure oxygen 
transport to the plasma collecting test mem- 
brane for reactions that utilize oxygen. 

16. The device of claim 15 wherein said holes or 
apertures of oxygen transport are covered by 
transparent oxygen permeable membranes. 

17. A method of obtaining plasma from whole 
blood and determining blood analytes thereof, 
which comprises applying a sample of blood to 
the first surface of the skinned microporous 
plasma separation membrane of a device ac- 
cording to any of claims 1 to 16 via said 
physical transport medium. 

18. The method of claim 17 wherein said analyte 
characteristic is a colorimetric reaction result. 
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19. The method of claim 17 wherein said analyte 
characteristic is analyte concentration of one or 
more analytes selected from cholesterol, HDL 
cholesterol, triglycerides and glucose. 

5 

PatentansprUche 

1. Vorrichtung zur Gewinnung von Plasma aus 
dem vollstSndigen Blut und zur Bestimmung 

von dessen Blutanalyten, welche folgende Ele- io 
mente aufweist: 

(a) eine mikroporose Plasma-Trennmem- 
bran (7), die eine erste Oberflache und eine 
zweite Oberflache hat; 

(b) ein stoffliches Transportmittel (5), das 15 
teilweise mit der ersten Oberflache der mi- 
kroporosen Plasma-Trennmembran (7) in 
Kontakt ist, wobei das Mittel (5) in der Lage 

1st, wenigstens einen Tell des zu prGfenden 
Blutes von einer entfernten Stelle auf dem 20 
stoff lichen Transportmittel (5) zu der ersten 
Oberflache der mikroporosen Plasma- 
Trennmembran (7) zu bewegen, und 

(c) eine Plasmasammel-PrUfmembran (11) 

in Kontakt mit der zweiten Oberflache der 25 
mikroporosen Plasma-Trennmembran (7) 
zur Aufnahme des abgetrennten Plasmas, 
wobei die Prufmembran (11) in der Lage ist, 
mit dem Plasma zu reagieren, urn wenig- 
stens eines von dessen Analytcharakteristi- 30 
ka anzuzeigen: 

dadurch gekennzeichnet, daB die mikro- 
porose Plasma-Trennmembran (7) eine 
Skin-Membran ist, bei der eine Oder beide 
Oberflachen der Skin-Membran (7) eine 35 
kleinere und einheitliche PorengroBe als der 
Mittelbereich der Skin-Membran (7) haben. 

2. Vorrichtung nach Anspruch 1, bei der die mi- 
kroporose Plasma-Trenn-Skin-Membran(7) ein 4o 
Celluloseerzeugnis oder aus Celiulosenitrat ist. 

3. Vorrichtung nach Anspruch 1 Oder Anspruch 2, 
bei der die mikroporose Plasma-Trenn-Skin- 
Membran (7) eine nominelle PorengroBe von 45 
etwa 0.02 bis etwa 1 0 urn hat. 

4. Vorrichtung nach Anspruch 3, bei der die mi- 
kroporose Plasma-Trenn-Skin-Membran(7) 

eine nominelle PorengroBe von etwa 1 bis 5 so 
urn hat. 

5. Vorrichtung nach einem der AnsprUche 1 bis 
4, bei der sich das stoff liche Transportmittel (5) 
zumindest teilweise auf die Kapillarwirkung 55 
stutzt, urn das Blut zu bewegen. 



6. Vorrichtung nach einem der Anspruche 1 bis 
5, bei der das stoff liche Transportmittel (5) 
eine Transportmembranlage ist. 

7. Vorrichtung nach Anspruch 6, bei der die 
Transportmembranlage (5) eine Lage eines 
textilen Flachengebildes ist, das aus Gewebe, 
Vliesstoff, Mull und Monofilseide ausgewahlt 
wird. 

8. Vorrichtung nach einem der AnsprOche 1 bis 
5, bei der das stoffliche Transportmittel (5) 
Rillen oder Kanale (19) blldet, die auf einem 
inerten Substrat (17) geformt werden, urn die 
Bewegung des Blutes zu fordern. 

9. Vorrichtung nach einem der Anspruche 1 bis 
5, bei der das stoffliche Transportmittel (5) ein 
often strukturiertes Maschennetz mit Offnun- 
gen von wenigstens 1 um GroBe ist und hy- 
drophile Oberflachen hat. 

10. Vorrichtung nach einem der AnsprUche 1 bis 

9, die auBerdem aufweist: 

(d) ein absorbierendes Speichermittel (25), 
das mit dem stoff lichen Transportmittel (5) 
verbunden ist, worin das stoffliche Trans- 
portmittel (5) In der Lage ist, uberschussi- 
ges Blut zu diesem absorbierenden Spei- 
chermittel (25) zu bewegen. 

11. Vorrichtung nach einem der Anspruche 1 bis 

10, bei der die Plasmasammel-PrOfmembran 
(11) einen oder mehrere reagierende Stoffe 
einschlieBt, die mit dem Plasma reagieren, um 
kolorimetrische Reaktionen eines oder mehre- 
rer Analyte zu bewirken. 

12. Vorrichtung nach einem der Anspruche 1 bis 

11, die auBerdem wenigstens ein inertes Sub- 
strat (3) einschlieBt, mit dem wenigstens eines 
der Elements mikroporose Plasma-Trennmem- 
bran (7), Plasmasammel-PrOfmembran (11) 
und stoffliches Transportmittel (5) verbunden 
ist. 

13. Vorrichtung nach einem der Anspruche 1 bis 

12, bei der ein Tell des stofflichen Transport- 
mittels (5), der nicht mit der mikroporosen 
Plasma-Trennmembran (7) in Kontakt ist, expo- 
niert Ist, um eine Probe des Blutes auf diesen 
aufzubringen. 

14. Vorrichtung nach einem der Anspruche 10 bis 

13, die auBerdem aufweist: 

(e) eine obere Lage (13), die wenigstens 
eine Offnung (15) enthalt, durch die eine 
Blutprobe auf das stoffliche Transportmittel 
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(5) aufgebracht warden kann, und wobel 
wenigstens ein Teil dieser oberen Lag© (13) 
die Plasmasammel-Prufmembranen (11) 
uberlagert, wobei dieser Teil transparent© 
Zonen hat, urn eine Oder mehrere kolorime- 
trische Reaktionen zu sehen. 

15. Vorrichtung nach Anspruch 14, bei der Teile 
der transparenten Zonen auf der oberen Lage 
(13) Locher oder Offnungen haben, um fur 
Reaktionen. die Sauerstoff nutzen, den Sauer- 
stofftransport zur Plasmasammel-Pruf mem bran 
zu gewahrlelsten. 

16. Vorrichtung nach Anspruch 15, bei der die 
Locher oder Offnungen fOr den Sauerstoff- 
transport durch transparent©, sauerstoffdurch- 
lassige Membranen bedeckt sind. 

17. Verfahren zur Gewinnung von Plasma aus dem 
vollstandigen Blut und zur Bestimmung von 
dessen Blutanalyten, welches das Aufbringen 
einer Blutprobe auf eine erste Oberflache der 
mikroporosen Plasma-Trenn-Skin-Membran ei- 
ner Vorrichtung nach einem der Anspriiche 1 
bis 16 mittels des stofflichen Transportmittels 
umfaBt. 

18. Verfahren nach Anspruch 17, bei dem das 
Analytcharakteristikum das Ergebnis einer ko- 
lorimetrischen Reaktion ist. 

19. Verfahren nach Anspruch 17, bei dem das 
Analytcharakteristikum eine Analytkonzentra- 
tion von einem oder mehreren Analyten ist, die 
aus Cholesterol, HDL-Cholesterol, Triglyceri- 
den und Glucose ausgewahit werden. 

Revendications 

1. Dispositif pour obtenir du plasma a partir de 
sang complet et pour determiner les compo- 
santes de sang correspondantes, comprenant: 

(a) une membrane microporeuse de separa- 
tion du plasma (7) comportant une premiere 
surface et une deuxieme surface; 

(b) un agent physique de transport (5), 
contactant en partie ladite premiere surface 
de ladite membrane microporeuse de sepa- 
ration du plasma (7), cet agent (5) etant 
capable de deplacer au moins une parti© du 
sang 4 analyser, d'un emplacement 6cart6 
sur ledit agent physique de transport (5) 
vers ladite premiere surface de ladite mem- 
brane microporeuse de separation du pla- 
sma (7); et 

(c) une membrane d'essai d© collect© du 
plasma (11), en contact avec la deuxieme 



surface de ladite membrane microporeuse 
de separation du plasma (7), pour recevoir 
ledit plasma separ^, ladite membrane d'es- 
sai (11) pouvant reagir avec ledit plasma 

5 pour reveler au moins une caracteristiqu© 

d'une composante correspondante; 

caracterise en ce que ladite membrane 
microporeuse d© separation du plasma (7) 
est une membrane ^ pellicule, une surface 

70 ou les deux surfaces de la membrane a 

pellicule (7) ayant des grosseurs de pores 
plus petites et uniformes, en comparaison 
avec la region median© de la membrane ^ 
pellicule (7). 

75 

2. Dispositif selon la revendication 1 , dans lequel 
ladite membrane a pellicule microporeuse de 
separation du plasma (7) est cellulosique ou 
est composes d© nitrocellulose. 

20 

3. Dispositif selon les revendications 1 ou 2, dans 
lequel ladite membrane a pellicule microporeu- 
se de separation du plasma (7) a une grosseur 
nominal© des pores comprise entre environ 

25 0,02 et environ 10 micrometres. 

4. Dispositif selon la revendication 3, dans lequel 
ladite membrane a pellicule microporeuse de 
separation du plasma (7) a une grosseur nomi- 

30 nale des pores comprise entre environ 1 et 5 

micrometres. 

5. Dispositif selon Tune quelconque des revendi- 
cations 1 a 4, dans lequel ledit agent physique 

35 de transport (5) se base, du moins en partie, 

sur des forces capillaires pour d4placer le 
sang. 

6. Dispositif selon Tune quelconque des revendi- 

40 cations 1 ^ 5, dans lequel ledit agent physique 

de transport (5) est une feuille de membrane 
de transport. 

7. Dispositif selon la revendication 6, dans lequel 

45 ladite feuille de membrane de transport (5) est 

une feuille d© tissu selectionnee parmi du tissu 
tisse, du tissu non tisse, de la gaze et du fll 
monofilament. 

60 8. Dispositif selon Tun© quelconque des revendi- 

cations 1 a 5, dans lequel ledit agent physique 
de transport (5) constitue des rainures ou des 
cannelures (19) form^es sur un substrat inerte 
(17) pour faciliter le deplacement du sang. 

55 

9. Dispositif selon Tune quelconque des revendi- 
cations 1 h 5, dans lequel ledit agent physique 
d© transport (5) est un tamis k structure ouver- 
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te, comportant des ouvertures d*une grosseur 
d'au moins un micrometre et ayant des surfa- 
ces hydrophiles. 

10. Dispositif selon Tune quelconque des revendi- 5 
cations 1 e 9, comprenant en outre: 

(d) un agent de stockage absorbant (25) 
connecte audit agent physique de transport 
(5), ledit agent physique de transport (5) 
pouvant depiacer le sang excedentaire vers io 
ledit agent de stockage absorbant (25). 

11. Dispositif selon Tune quelconque des revendi- 
cations 1 a 10, dans iequel ladite membrane 
d*essai de collecte du plasma (11) englobe un i5 
ou plusieurs r^actifs reagissant avec ledit pla- 
sma pour entratner des reactions colorimetri- 
ques d*une ou de plusieurs composantes. 

12. Dispositif selon Tune quelconque des revendi- 20 
cations 1 a 1 1 , engiobant en outre au moins un 
substrat inerte (3), auquel sont connectes au 
moins une desdites membranes microporeu- 

ses de separation du plasma (7), desdites 
membranes d’essai de collecte du plasma (11) 25 

et desdits agents physiques de transport (5). 

13. Dispositif selon Tune quelconque des revendi- 
cations 1 a 12, dans Iequel une partie dudit 
agent physique de transport (5), non contactee 30 
par ladite membrane microporeuse de separa- 
tion du plasma (7), est exposee en vue d'y 
appiiquer un echantillon de sang. 

14. Dispositif selon Tune quelconque des revendi- 35 
cations 10 Si 13, comprenant en outre: 

(e) une feuille superieure (13) contenant au 
moins une ouverture (15), a travers laquelle 
un echantillon de sang peut §tre applique 

sur I’agent physique de transport (5), et au 4o 
moins une partie de cette feuille superieure 
(13) etant superpos^e auxdites membranes 
d'essai de collecte du plasma (11), ladite 
partie comportant des zones transparentes 
permettant de voir une ou plusieurs reac- 45 
tions colorimetriques. 

15. Dispositif selon la revendication 14, dans le- 
quel des parties desdites zones transparentes 

sur la feuille superieure (13) comportant des so 
trous ou des ouvertures, pour assurer le trans- 
port d’oxygene vers la membrane d’essai de 
collecte du plasma, pour les reactions utllisant 
de I'oxygene. 

55 

16. Dispositif selon la revendication 15, dans le- 
quel lesdits trous ou iesdites ouvertures de 
transport d’oxygene sont couverts par une 



membrane transparente permeable h I’oxyge- 
ne. 

17. Precede pour obtenir du plasma a partir de 
sang complet et pour determiner les compo- 
santes de sang correspondantes, comprenant 
I'application d’un echantillon de sang sur la 
premiere surface de la membrane microporeu- 
se ^ pellicule de separation du plasma d'un 
dispositif selon I’une quelconque des revendi- 
catlons 1 a 16, par I’intermedlaire dudit agent 
physique de transport. 

18. Procede selon la revendication 17, dans Iequel 
ladite caracteristique de la composante est un 
resultat d'une reaction colorimetrique. 

19. Procede selon la revendication 17, dans Iequel 
ladite caracteristique de la composante est la 
concentration analytique d’une ou de plusieurs 
composantes seiectionnees parmi ie choleste- 
rol, le cholesterol HDL, les triglycerides et ie 
glucose. 
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